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Abstract—A system is designed for dielectric parameters’ 
measurement of microwave ceramic materials in which rotary 
open cavity is applied  and the theoretic analysis is presented. 
With the stepping motor controlled by Single-Chip Microchip, 
the measurement can be realized automatically. The analysis 
software based on VEE is programmed, so that the measurement 
data from Vector Network Analyzer can be calculated and 
analyzed directly. The result and errors by comparing the 
method of open and short parallel-plate can evaluate the 
accuracy and precision of the measurement system. 
Keywords-Microwave Ceramic; Fast Measurement; Rotary 
Open Cavity; 
I.  INTRODUCTION 
Microwave dielectric ceramics(MWDC) is a kind of key 
advanced materials in the mobile communication which have 
applied extensively in the microwave devices as microwave 
resonators, filters and phase shifters.[1] There are three main 
dielectric parameters of microwave dielectric ceramic materials: 
relative permittivity, dielectric loss and temperature coefficient 
of resonant frequency. It is very important to measure the 
dielectric parameters precisely for the study and application of 
microwave ceramic materials. The measurement method based 
on resonance is usually used because the dielectric resonator 
made of ceramic materials has high relative complex 
permittivity and low dielectric loss[2-5]. So far, the methods of 
short parallel-plate resonance and open parallel-plate resonance 
are applied most widely[6]. Normally, it takes much time to 
measure the temperature coefficient of resonant frequency of 
the sample by using traditional methods because measuring one 
sample needs to increase the temperature one time. However, 
open parallel-plate resonance method can be applied to realize 
the fast measure for dielectric parameters of microwave 
ceramic materials. 
II. BASIC THEORY OF DIELECTRIC 
PARAMETERS’ MEASUREMENT 
The fundamental mode of resonator is open parallel-plate 
is TE01. This mode is easier to be justified and the electric 
property is easier to be measured precisely[7-9]. When the 
variational principle is used in calculating the eigenvalue[10-12], 
the room in the metal plated can be divided in to two parts.  
 
 
One is r<a and the other is r>a(r is the distance to the center of 
sample, a is the radius of the sample). Because the field at r=a 
is continuous, the matrix equation about resonant frequency 
and complex permittivity can be obtained by solving 
Helmholtz equation and analyzing the axis-symmetrical mode 
TE01 . The equation is as following: 
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Where D is the diameter of sample; 
 L is the height; 
 L1 is the distance from the top surface of sample to the 
top-plate; 
 L2 is the distance from bottom surface to the bottom-
plate. 
The complex permittivity can be calculated by numerical 
calculation[13] after the resonant frequency is measured. 
The no-loaded Q-factor Qu of dielectric resonator is
[14-16]:   
cdu QQQ /1/1/1 +=                                                                      (2) 
Where Qc is the Q-factor due to conductor loss; 
 Qd is the Q-factor due to dielectric loss. 
According to dielectric perturbation theory, the value of Qd 













=                                                           (3) 









=                                                              (4) 
Where f0 is the resonant frequency of the cavity; 
f0 is the increment in the resonant frequency; 
 L1 is  the increment in the conductor distance; 
c is the skin depth given by 
dfµπ/1 .                                                                                (5) 
In the formula 5, f is the frequency of operation, is the 
conductivity and is the permeability of the metal walls. 
The dielectric loss can be computed according to the 
following formula: 
dcu QQQ /1/1/1tan +==δ                                                     (6) 
The temperature coefficient f is given by
[17-18] 
This work was supported by the National 863 Plans 
Projects(NO.2001AA325100) and the Natural Science Foundation of Fujian 
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The resonant frequency is changed by temperature, so the 
temperature coefficient can be calculated when the resonant 
frequencies in two temperatures are measured. 
III. DESIGN OF THE MEASUREMENT SYSTEM  
A. Measurement Components 
Fast measurement equipment of microwave ceramic 
materials are composed of two metal parallel plates. The 
height of the top-plate can be modulated and the bottom-plate 
has gears which can be controlled by the stepping motor. 
Meanwhile, the height of the coupling equipment can be 
modulated. For the reason of putting eight samples on bottom-
plate is that the attenuation of the field outside the resonator 
changes by Bessel functions of the 1st with degree 0 k0(cr) in 
the mode TE01
[19-20]. At the magnetic wall r=a, Er and H are 




2 , so the attenuation of electromagnetic is zero. We 
can draw the conclusion that the samples will not be perturbed 
by each other when the distance between two samples isn’t 
less than treble diameter of resonator. According to the 
dimension of the bottom-plate, there will be no perturbation 
on each other by using the optimum room of eight samples. 
B. System Software for the measurement 
The hardware of the system is composed by Agilent Vector 
Network Analyzer, GPIB to USB surface, rotary open cavity 
with stepping motor ,circuit of SCM controlling and stepping 
motor driving, constant temperature case and computer which 
shown in Fig.1. The software is VEE automatic measurement 
program and SCM program controlling stepping motor 
compiled by assemble language. 
  
Fig.1 Sketch map of fast measurement system 
The program flow of the measurement is shown in Fig.2. 
 
Fig.2 The flow chart of measurement program 
 
Eight samples are put on the bottom-plate. Modulating the 
height of gaskets to make it be equal to the distance between 
the top surface of samples and the top-plate, namely L1=L2. 
Their heights are both in the range of (0.5 1)H and  the 
height of coupling rings are modulated to the best condition, 
and then the measurement equipment is put into the constant 
temperature case. Firstly the network analyzer is calibrated, 
and the  VEE measurement program is started up, and then the 
information of the first sample in T1 including D,L,L1 is input. 
The resonant peak of mode TE01 is automatic searched by the 
program. The resonant frequency f0 is measured and the 
complex permittivity, Q-factor value and dielectric loss of the 
first sample can be calculated. Afterwards, the bottom-plate 
circumrotate for 45 degree is made to the place of the second 
sample. The same measurement could be applied to the rest 
samples. Then the temperature is changed to T2, the resonant 
frequency of each sample can be measured. The temperature 
coefficient of samples can be calculated. By this method, the 
main dielectric parameters of microwave ceramic samples can 
be measured. Meanwhile, the time of measurement is reduced 
by about one eighth because the temperature is only changed 
once during the whole process 
IV. MEASUREMENT RESULTS AND ANALYSIS 
The results are shown in table.1 by measuring one sample 
for five times using the same method. The error between them 
is 0.66 , which means that the measurement system has a 
high stability in measuring the temperature coefficient of 
resonant frequency. 
 













T1=25(ºC) 5.74400 5.74410 5.74414 5.74408 5.74412 
T2=80(ºC) 5.72500 5.72522 5.72532 5.72514 5.72511 
f (ppm) -60 -59 -59 -60 -60 
 
The comparison results of open and short method are 
shown in table.2 and table.3. The complex permittivity 
measured by the two methods are exactly matched, and the 
error of temperature coefficient is about 7 , which means 
that the open method is totally viable and correct. And the Q-
factor value measured by the open method is higher than that 
by the short method for the low conductor loss. Generally, the 
open method has several advantages in measuring the 
dielectric parameters 
 
TABLE 2    MEASUREMENT RESULTS OF OPEN METHOD 













1 25 5.74400 80 5.72500 -60 23.98 4549.7 
2 25 5.73070 80 5.71546 -48 23.98 5282.5 
3 25 5.73706 80 5.71352 -74 23.98 3505.9 
4 25 5.73734 80 5.71827 -60 23.98 4041.2 
5 25 5.72138 80 5.70914 -38 23.98 3945.7 
6 25 5.72045 80 5.70973 -34 23.98 4319.4 
7 25 5.71912 80 5.70953 -30 23.98 4097.3 








TABLE 3   MEASUREMENT RESULTS OF SHORT METHOD 
short method 
 f (ppm) r Q 
1 -65 23.98 3052.7 
2 -50 23.98 3458.6 
3 -72 23.98 2814.6 
4 -58 23.98 2917.5 
5 -35 23.98 2724.5 
6 -38 23.98 3024.4 
7 -27 23.98 2725.9 
8 -29 23.98 3125.8 
 
V. CONCLUSIONS 
The open parallel-plate resonance method is suitable to 
measure the dielectric parameters of microwave ceramic 
materials that have high complex permittivity and low 
dielectric loss, and the temperature coefficient can be 
measured fast. The measurement system has high precision 
and stability, and it satisfies the need of measuring of 
microwave ceramic materials. 
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